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S-abject: P i p e l i n e  o r i f i c e  atudiea--Coachelie d i s t r i b u t i o n  e r p t e t t  
All-Baerican Canal System. 

The Coachella d i s t r i b u t i o n  system will convey the  water t o  the 

varioue i r r i g a t e d  t r a c t s  through a covered p r ~ c a e t  concrete pipi* ayr- 

tern. I n  gene ra l ,  it was proposed t o  u s e  weirs f o r  maaeuring t h e  p i p  

flow end as b a f f l e s  f o r  the d i r e ra lon  of water t o  turnouts  upetrem 

from the  weir where no demand f o r  water  downstream thsreof  ex i s t ed .  

The turnouts inc lude  a =leaanring device for rnetcrlng the  flow t o  

indi.vid.~al use r s .  Some of the mainline measuring weirs become q u i t e  

large a d  as A coneiderable number of them would be required,  i t  

seemed advisable t o  cgnaider  some o t h e r  means of memuring the  plpe- 

l i n e  flow. It ap-+ared t h a t  t he  p ipel ine  o r i f i c e  n igh t  prove uatis- 

factory ae well aa reduce the  i n l t i a t c o a t .  of the  i n s t a l l a t i o n  and 

for t h i s  reesoa,  studies were i n e t i g a t e d  t o  datormine the applica- 

b i l i  t y  of the  o r i f  ice.  

T3E SCOFE OF STUDY 

The etudy cone i s t ed  of a v a l n a t i n ~  the head lossem ecrosa rarione 

orifices f o r  the  a?:licable r m e  of prototype discharges ?ad detarc- 

m i n i x  t he  anproximate d i f f e r e n t i r ~ l  gage readi-ws f o r  the maximum end 

minimum flows. In  add i t ion ,  a 3-inch o r i f i c e  w a s  placed i n  a 6-inch 

pipe m d  tested with ?nd withmt n deposi t  of aedfmcnt e a i i i a t  the 

ups t r e m  o r i f  ice face. 



The modal for determininl: the e f f e c t  of depoaits immediately 

I apstrecm of the o r i f i c e  plate consis ted  of a leqgth  of &inch t ram- 

! parent pipe wf t h  a F i n c h  orif i c e  at the dometream end. The trans- 

parent pipe w a s  c o ~ n e c t e d  to a 6-foot lenffth of &inch 'brass plpe, 

1 which In turn, w a a  connected to  the  laBoretarg metering system. 

1 .. 
TX3 XImSTIGATIU!? 

I 

The 1 ~ b o x ~ a t o r y  invest igat ion consisted of (I) ca l ib ra t ing  the 

o r i f i c e  wlthaut aedlment o r  other Iosafgn mater ia l  f n  the plpe; (2) 

repeating the procedure with the pipe f i l l e d  vith e~nd t o  the lower e d ~ e  

o f  the o r i f i c e ;  and (3)  the c ~ l i b r ~ t i o n  of the o r i f i c e  w i th  a t r i w l a r  

**.edge of 331dfw clajr placed imedirtely u i s t r e s n  of the o r i f i c e  t o  aim- 

ulate a bonded aedlmtiat,' 
-. 

The h e & - d i s c h g e  and the coe, f f ic ient  curvee f o r  flow KTth no - 
eediment I n  t h e  pipe a re  shown on Figure..l .  Similar  mrvee f o r  61s- 

chaxjie with the clw filler i n  the.pipe a r e  a l e o  shown on Figure 1, 

The clay f i l l e r  de f i n i t e l y  increaeed the coef f ic ien t  of diecharge, The 

m i r u u m  coef f ic ien t  for the c l e a n  pipe was 0,625 and with the c l a y  f i l l e r  

i n  place it increaeed t o  0.650. This would r e ~ r e e e n t  6 c h q s  i n  din- 

charge of 3-f i  percent f o r  i den t i c a l  heads on the  o r i f i c e  or an error of 

the eame maant i n  dlscho.rge, This would eimulate a case' i n  t h e  f i e l d  

wherein the f r l f i c e  was i n  run ac tua l  inst~llatfon and later the plpe 

- f i l l e d  with s bonded eedlment. 

The t e s t a  with nnbonded sand i n  the pipe revealed that at very low 

heads, as w e l l  ea st the high heado, the n a t e r i a l  nored downstream and 

t h rowh  the orif i c e  with the msterial.adjacent to the o r i f i c e  plate m w -  

ing f i r e t .  %a would Indicate that looae silt snd  a d  vauld not  deposit 

w a i n s t  the o r i f i c e  and t h t  2lny loose eaiiiment which might collect at 

t h i s  poia t ,  when ;here van no flow. would move damatream when flow 

throwh the o r i f i c e  was reeunrad. A cocriicjent w a s  not  obtained f o r  t M s  



preesure measuremente . 
The remainder of the Investigation involved computln~ orifice s i z e e  

e9d corresponding pipe sizes, head losocs ,  and pressure differcnti~ls for 

a variety of diachzrges. This was done as follows: 

Flow d, 
w- 

Sef errinf: t o  the above di~4ra .m:  

The orifice diecharge is given by Q = CA 2gh0. Substituting f or the area V 
2nd eolving for ho, the equation becomes ho = . Thin when sub- 

- .  c2 n2d1 R 

stituted i n  the loss equation K = h,!l - B*) givee: 

Ey v a r y i q  ii with:C eccordi~ to the followiry: table which was obtained 

, f  rc?m Trans. A.S. M.3. Volama 58, I.?$, Figurp 1, Page 595. 



.b 

wainst d a8 shown on Figure 2 was obtained. Since K =: ho ( 1  - B*), 
1 

ho = Y and na R i e  conetent f o r  s pa r t i cu l a r  curve and E i e  
1 - FL?' 

constant f o r  the family of curves, each curve reureerente a f ixed  ho ar 

well as a constant E. These vd,uee are ehown on F i p r c a  2 t o  6 inclusive. 

Tho curves were intended t o  be ueed as followa: if  the maximum 

flow i n  the  pipe l i n e  i e  70 eecond-feet and i f  the r n a ~ i m e u n  head l o ~ s  

acroae the o r i f foe  ehould not exceed 1 foo t ,  then t o  f i nd  an o r i f i c e  

e ize ,  en te r  thc curve of ~ ? 4 r e  2 on the l i n e  showing 70 c f e  u n t i l  i t  

intersects the 3 l ines .  Fron the carve8 i t  i s  pooaible t o  ob3ain f i v e  

o r i f i c e  sizee which w i l l  have a l o s s  of 1 foot .  They are  3.41, 3.69, 

3.93, 4.09, and 4.20 f e e t  and heve correeponding v a l u e e  of ho = 1.96, 

1.56, 1-33,  1.19, end 1.10. The choice between the f i ve  depends unon 

whether or  not the  gage reeding ho a t  minimum discharge w i l l  be auf- 

f i c i e n t  t o  give an accurate indicet ion of the diecharge; o r  i f  two o r  

more meet th i s  rsquirement, economic conaiderat isne w i l l  govern. The 

Esge reading at minimum discherge (assumed t o  be 10 percent of msximun) 

was determined from ho = 2 8 Q pnd g~.ve minimum g w e  reading as 

c2 n 2d i+K 

follown; dl = 3.4i the min ho = 00.192, dl 3.69 the nin ho . 0.0157. 

dl = 3.93 the ?in ho = C.0172, dl 4.09 the ntn a = 0.0118. dl = 11.20 

the nin hc = 0.0110. A l l  of these d i f f e r en t i a l e  are low f o r  an accurate 

determination of the m i n i m  discharge and ind ica te  that  R. l a rge r  d r i f i c e  

loes  i a  necessary o r  t ha t  the o r i f i c e  i a  not pract ica l .  

-4senmlm that the reading of O . O l j j 2  w i l l  g ive  su f f i c i en t  accurecgr 

at mini- discharge then the pipe s i z e  is  determined from 3 7 dl; where 

0.70 d2 = 3.41 or d = 4.87 f e a t .  On t h i e  baeis  the meaimring 4;ction 
2 

would conaiet  of an orifice 3.41 f e e t  i n  dizcleter placed ineide of a 

pipe 4.67 f e e t  i n  diameter ,hiving e x p a n d i , ~  and reducing aections t o  

confom t o  the normal pipe l i n e  eection. In addi t ion a water nenome'ter 

woull. be neceeeary t o  rneaeure the d i f f e r e n t i e l  head. 
















